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ByRobertE. Dannenberg,JsmesA. Weiberg,and
BrunoJ.(%mbIcci

EKIMMARY

Measurementsweremadeoftheresistanceoffibrous-glasscompacts
tonormalairflow.Theflowresistsmcewasrelatedtothethiclmess
anddensity. As a porousmaterialforboundary-la~ontrolapplica–
tionsusingareasuction,thefibrous-glasscompactcouldbe madetoany
desiredthicknessandpermeabilityandsandwichedbetweenperforated
rigidsurfaces.

9
INTRODUCTION

u

In thecourseofan investigationof theuseof areasuctionfor
boundary-layercontrol,a surveywasmadeoftheflow-resistancecharac-
teristicsofa nscnberof commerciallyavailablepermeablematerials
(ref.1). Amongthese,filterpaper,feltcloths,andsinteredmetals
wereusedinwind—tunnelor flight+testapplications.

Inthepresentreport,theflowresistanceoffibrous~lasscompacts
(bondedwithphenolicresin)of severaldensitiesandthiclmessessre
presentedfora rangeofdifferentialpressuresacrossthecompacts.The
densitiesofthecompactswerevariedindependentlyofthicknesstopr-
ducevarioussteppedandtaperedpermeabilities.

Theauthorswishto expresstheirappreciationtotheOwens-Corning
FiberglasCorporation,PacificCoastDivision,SantaClara,California,
marticularl~Mr.IrvingN. Smith,farsupplyingtechnicaladviceandthe.
material(FiberglasB-fiber>
thefibrous-glasscompacts.

m
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NOTATION

frontalsxeaofporoussample,sqft

accelerationduetogravity,ft/secz

totalpressure,lb/sqft

pressuredifferenceacrossporousmaterial,in.water

staticpressure,lb/sqft

volumerateofflow,cuft/sec

temperature,‘F

suctionair
material,

weightrate

velocity,normaltotheupstreamsurfaceoftheporous

*’ ft/sec

ofairflow,lb/see.

indexofresistivity,definedasthepressuredifferencein inches
ofwaterrequiredtoinducea suctionairvelocitynormaltothe
surfaceof 1 footpersecondthrougha porousmaterialofa given
thickness

valueoftheexponentusedintheequationAh = Tv~

massdensityofair

stationupstresmof

dustupstreamofporoussample,slugs/cu

Subscript

porousmaterial

APPARATUSANDTEST

Theresistanceofthefibrous-glass
surfacewasmeasuredby meansofthe

METHODS

ft

-.

compactsto airflownormalto
apparatusshowninfimre 1.

Thesuctionpressurerequfiedto inducefl~ throughthecompa;twaspro-
videdby a vacuumpump.Theairwasdrawnthrough-thecompactandt~ough
a standardA.S.M.E.orificemeter(ref.2) andtheflowwascontrolledby
a gatevalvedownstreamof theorificemeter.Theorificesizeandoper-
atingprocedurewerekeptwithinthelimitationsprescribedinreference2

s
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* so as tokeeptheaccuracyofflc?rmeasurementwithin*1 percent.Thermo-
coupleswereinstalledintheducttomeasuretheairtemperaturenearthe
compactandneartheorificemeter.Theapparatuswascheckedatthe. startandcompletionof eachtestruntomakecertaintherewereno leaks
intheduct.

Compactsofuniformpermeabilityweretestedinthecircularduct
sectionshowninfigurel(b),whereascompactsofvariablepermeability
weretestedinthesquaresection,figurel(a).Thesectionshadequal
cross-sectionalareasof 19.63 squareinches.Thecompactstobe tested
wereheldfirmlybetweenflangessealedwitha nonporoustape.The
upstresmsideofthecompactwasopentotheatmosphere.

As thecompactstestedwerenotstrongenoughto supportthemselves,
theywerebackedwitha wirecloth(16+uesh,0.023inchdiameterwire,
ref.3). Thepressurelbssacrossthewireclothwasnegligiblethroug&
outtherangeofairvelocitiestested.

Theaccumulationofdustfromthesuctionairduringthetesting
(approximately25minutespersample)discoloredtheexposedsurfaceof
thecompactas canbe notedinfigure2. Thetestapparatuswaslocated
ina shop-typconcreteroomandnormaldust-bdenairwasdrawnthrough
thecompacts.A testwasconductedtodeterminetheeffectofthedust

. on thepermeabilityandtoascertainifa filterwouldbe requiredupstream
of thetestspectiento cleantheairpriorto Itspassagethroughthe com
pact.A S/l&inch-thickcompacthavinga densityof 10poundspercubicG footwastestedcontinuouslyuntila totalof60hourshadaccumulated.
Thepressuredifferenceacrossthecompactwasheldconstantat a value
correspondingto a suctionairvelocityof5 feetpersecondat thestart
of thetest. Theflowvelocityshowedno appreciablechangeduringthe
first10hoursof operation,butgraduallydecreasedthereafterwith
increasingtime.At theendof 60hourstheflowvelocitywasreduced
30 percent.Thecompactwasremovedfromtheductandwasfoundtohave
collecteda layerofdustapproximatelyl/3&inchthickontheupstream
face. Theccmpactwasthencleanedwitha high-pressurereverseflow.
Aftercleaning,theflow”velocityincreasedtowithin5 percentof its
initialvalue.Becauseof’theshortdurationofthetestingtimeforeach
sample,a cleaningfilterwasnotinstalledinthesystem.

Thefibrous-glassccxnpactstestedwerefabricatedfrombl~lass
fiberswith25 percentbyweightofphenolicresinas a binderas speci-

●

fiedinreference4. Inthemanufacturingprocess,theglassfibersare
attenuatedto thedesireddegreeoffineness(0.00015-inchmeandiameter)

. by a blastofhotgasesandarethencollectedona movingscreeninthe
formof a continuousmatorblanket.Justpriorto collectionon the
screen,whilethefibersaresuspendedinthemavinggasstream)liquid
phenol.icresinisappliedasa spray.Intheuncuredstate,thematerial
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hassomewhattheappearanceof oilycotton(fig.2). Informinga com-
pact,theuncuredmaterialisplaced.ina dieofthedesiredshapeand
heatedto300°to 350°F fortimesrangingupwardfrom3 minutes,depen&
ingonthethicknessanddensityofthecompact.Underheattheliquid
resinconvertstoa hardinfusiblesolid.whichpermanentlybindsthefiber
structureintheshapeandthicknessimposedby thedie. Theonlypres-
surerequiredisthatsufficientto closethedie. Inthecued orfin-
ishedstate,thecompacthasa reddiskbrowncolor.Thedensityofa
compactiscontrolledby theweightperunitsreaoftheuncuredmaterial
andthethicknessofthecuredorfinishedcompact.

RESULTSANDDISCUSSION

UniformPermeability

Thedensitiesandthiclmessesofthefibrous~l.asscompactstested
areindicatedinfigure3 andare listedintable1. Theflow-resistance
characteristicsofthecompactsareshowninfigure4 fortheairflow
normaltothesurface.Theupstreamfaceof.thecompactwasopentothe
atmosphere(averageHI =2116 lb/sqftandt= = 71°F). Exsminationof
thefigureindicatesthatforsmallpressuredifferencesacrosstheCO*
pact,thepressuredifferenceincreasedasa constantpoweroftheveloc-
ity. Withlargerpressuredifferences,thepressuredifferenceincreased
at a morerapidrate.Withinthelinearrangeofthelogarithmicplotsof
figure4,thelflowresistanceof thecompactscanbe expressedinan exp&
nentialformrelatingthesuctionvelocityv tothepressuredifference
Ah as

Ah = T#

wheretheindexofresistivityT isdefinedasthepressuredifference
ininchesofwaterrequiredto inducea suctionairvelocitynormalto
thesurfaceof 1 footpersecondthrougha porousmaterialofa given
thickness.Thevaluesof T and Cp are tabulatedintableI fortheco~
pactstested.Thevalueofthevelocityabovewhichthevalueof q
increasesisalsogiveninthetable.

Therangeof T obtainablewithfibrous-glasscompactsisas large
as thatnotedforgranularorfibroustypesofporousmediainreference1.
Theai~flawchmacteristics~asshowninfiwe 4>aresi~lar‘o ‘hose
forothertypesoffibrousporousmaterials,forexsmple,feltcloth.
Fora givenvalueof T, curves forthefibrous~lasscompactandfelt
clothwere, forpracticalpurposes,thesame.

Inorderto ascertaintherepeatabilityofthevalueT, swatches
weretakenfroma batchofuncuredmaterialanda numberof3/16-inch
specimensoftwodifferentdensities(6and20 lb/cuft)werefabricated

a
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. andtested.Theresultsindicatedthatthevalueof T differedby less
than+4 percentofthevaluenotedfromfigure4. Thevalueof q was
foundtoremainconstant..

Thethicknessanddensityofthefibrous-glasscompactswerefound
tobe relatedtotheindexofresistivityT as indicatedinfigure5.
Thesedataareapplicableonlyto compactsfabricatedfroma givenbatch
ofblow&glassfibers(typeIIofref.k).

Compactsfabricatedfroma differentbatchwiththessmemanufae
turerssdesignationdifferedby asmuchas20 percentinthevalueof T
forthesamedensityandthicknessas comparedtothedatainfiguresk
and5. However,thevalueof T forcompactsmadefromswatchestaken
fromthisdifferentbatchagreedwithin*4percent.

Alldatapresentedinthisreportwereobtainedfromcompactsfabri-
catedfromswatchestakenfromthesamebatchofuncuredmaterial.

VariablePermeability

Ingeneral,it isusuallyadvantageousinan applicationofmea
8 suction,fromthestandpointofthesuctionpowerrequired,tovaryin

thechordwiseandspanwisedirectionsthesuctio~ai~velocitydistribu-
tions(ref.5). Velocityvariationisachievedby addingmorematerial*
in theregionsthateu?etohavelesspermeability.Thesteppedortapered
arrangementsof permeabilityinvestigatedareshowninfigures6, 7, and8.
Thefinishedthicknessof eachof thesecompactswasthesame(3/16 in.).

Thepermeabilitydistributionsforthearrangementsshowninfigures
6(a)andT(a)werearbitrarilyselected.Thevaluesof T forthede~
sitiesusedineachincrementwerecalculatedwiththeaidoffigure5.
Calculatedsuction-velocitydistributionsshowninfigures6(b) andT(b)
wereobtainedby interpolationfromfigureA(b)forvaluesof T equal
to thoseused. Takingintoaccounttheratioof theareaofa given
pe?nneabilityto thetotalarea,thecomputedandmeasuredvolumeratesof
flowwerecompared(forequalvaluesof ~) as showninfigures6(c)
and7(c).

A similarcomparisonisshowninfigure8(c)forthetaperedarrange
ment. Inthiscase,thecompactwasfabricatedby holdingtheuncured
materialina jigcontouredforthedesiredtaper.A bandsaw,withthe
setremovedfromtheteeth,wasusedto cutthematerial.Thedarkthreads
inthephotographofthefinishedcompactinfigure8(a)areforidentifi–

●

cationpurposes.Examinationoffigures6(c),7(c),and8(c)revealsthat
theagreementbetweenthecalculatedandmeasuredflowquantitieswas

. withinthelimitsnotedpreviouslyforvaluesof T Of SSI?Qle CO171.paCt8

withuniformpermeability.



Installationof
Suetion

Thefibrous-glasscompactis
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CompactforamArea .
Application

r

ideallysuitedforareasuctionappli-
cationsforliftcontrolon thinairfoilswherespaceisat a premium
andlargevariationsinthepermeabilityarerequiredina relatively
smallarea.Thefibrous-glasscompactalsohastheadvantagesofbeing
lightweight,chemicallyinert,andcomparativelyinexpensivetomanufac-
ture.A practicalinstall.ationwouldrequirerigidsupportingsurfaces
suchasperforatedsheets.Thefibrous-glasscompactc=be formedto
anyshapedesiredby theuseofa suitabledieinthecuringandcompacting
process.An installationofa moldedcompactina flapona 6-percent
thickairfoilisshowninfigure9.

Theuniquefeatureofthearrangementisthatthepermeabilitycan
be variedinde~endentlyofthethickness– an importantfactorin laborat-
ory tests.Constantthicknesscompactscanbe interchangedindependently
ofthesurfacesheetforevaluationoftheeffectsofdifferentsuction
velocitydistributionsonaerodynamicperformance.A l/8-inchthickCOD+
pact canbe equippedvitha tenfold variation in T, avariati.on suffi-
cient to coverthersageofpermeabilitiesrequiredforareasuction
applications.To obtainthisvariationwithothertypesofporousmat-
rials(ref.1)wouldrequirecombinationsofdifferentsheetsofsintered
meta~ orvariousthiclmessesoffeltcloth.

In order to determinetheeffectofa perforatedsheetontheflow-
resistancecharacteristicsofa fibrous-glasscompact,variousmultihole
sheets(table11)wereinstalledtoformtheupstreamsurfaceforthe
compactwiththetaperedarrangementofpermeability.Theresultsare
showninfigure10. Theaddedflowresistanceof a perforatedsheet,
particularlyforsheetswithlessthanl>percentopenarea,shouldbe
takenintoaccountinthesandwichtypeofarrangement(fig.9). However,
inpracticalapplicationsthisprobablywouldnotbe a problemsincemost
commoncommerciallyavailableperforatedmaterialshaveat least1> to
20-percentopenarea.

CONCLUDINGREMARKS

Measurementsweremadeoftheair-flow-resistancecharacteristics
of fibrous+asscompactsconsistingofblw~glassfibersand25-percent
phenolicresinbyweightasthebondingagent.Thepermeabil.itywaaCO*
trolledbythedensityandthicknessofthecompact.Thepermeabilityof
constantthicknesscompactswasvariedovertherangegenerallyrequired
forapplicationsofareasuctionforboundary=layercontrol.

Inapplication,thecompactcouldbemoldedto anydesiredshape
andthicknessandinstalledina sandwichtypeofarrangementconsisting
ofperforatemetalsheetssupportinga fibrous-glasscompactinterior.
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. Therigidsupportingsheetscouldserveas structuralmembers.Perforating
onlytheportionofthesurfacesheetintheporousregionwouldpermita
joint-freeinstallation.Inoperationthefibrous-glasscompactcouldbe

●

removedandreplacedifitbecsmepartiallyclogged.

AmesAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics

MorfettField,Calif.,Oct.28,1954
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TABLEI.-CHARACTERISTICSOFFIBROUS-GLASS
COMPACTSWITHUNIFORMPERMEABILITY

~~ * Thickness,~~ ity,
in. lb/cuft

1 1/8
2 I 2
3 10
4 20
5
6 $

3/16
i

1

Y2
9 20
10 27
11 30
I-2 1/4 10
13 3/8 10
14 1/2 6
15

I

10
).6 20
17 30

II Limitv, for
T 9 Unearit y,

fps

0.21
.59

:::
10.3
21.3
1.0
2.7
6.4
11.1
1!5.0
2.9
4.8
2.5
6.0
17.0
43.0

1.24 I-8
1.16 13
1.08
1.03 ;
l.~ 5
l.cyi
1.04 :
1*O7 8
1.07 8
1.06 6
1.06 5
1.07 6
,1.06 6
;1.07
1.05 ?
~1.06 5
;1.05 2

=2s=
TABLE II.-CHARACTERISTICSOFMULTIHOLESHEETMATERIAIS

PLACEDONUI13- SIDEOFFIBROUS-GLASSCOMPACT

{ Hole Holes
No. Manufacturer’s Ref- size, per Percent

designation erence in. sq in. open

18 65count,squarehole 6 0.005 4,225 10.5
19 No.1/20staggered 7 .@o 11.2
20 0.022inchstaggered 7 .022 3% 14.4
21 No.O staggered 7 .024 379 ~
22 No.00staggered ,7 .020 714 23
23 No.22 slot,side 7 .020x.115

staggered slot,
.050ce~

ters 130
24 No.4 straight 7 .@o Kg %

.

.

.

.

t

.
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A-19489

(a) Squarespecimenholder(4.43-in.square).

L—— - A

A-19396

(b) Generalarrangementoftestsetupwithcircularspecimenholder
. (5. Gin. tiameter).

Figurel.–Ductforcalibrationof
airflow;specimenarea

fibrous-lasscompacts
= 19.63squareinches.

withnormal
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.

b

.

A-19483

Figure2.–Typicalarrangementoffibrous-glassmaterialbeforeand
aftercompactingandcuring;uniformpermeability;density= 6 pounds

.

percubicfoot;thickness= 3/16inch.

Thkknes8,kKhe8 ‘=s=

—

,,

Figure3.- Thickness anddensityoffibrous-glasscompactstestedwith
uniformpermeability.



NAC!ATN 33&3 11

.

‘a

Oensity,
lb/cuft

o 3
A
D 1:
v
o %
o 40

500

100

50

10

5

‘1 5 10 50 I00

Figure4.-

Suctionair velocity,v, fps

(a) ~-inch thickness

Resistancetoairflowofvariousfibrous%l-asscompts .
withuniformpermeabilityy fornormalflow.
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‘1 5 10 50 100
Suctkmakvelocity,v,fps

(b) R-inch thickness

Figure4.-Continued.
,
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Density,
Ib/cuft
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: 10
n
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0

5

11 5 10 50 100
Suctionair velocity,v, fps

(c) ~-inch thickness

Figme 4.– continued.
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Suctionair velocity,v, fps

(d) Densityof cornpoct=10ib/cu ft

Figure 4.– Concluded.
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.
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Dsnsityof compact,lb/cu ft

Compact
(TableI)

1

:
4

:

:
9

Compact
(TableI)

a 10
0 II
o 12
n 13
b 14
v 15
u 16
u 17

Figure5.– Correlationofthephysicalpropertiesof fibrous-glass
compactswiththeindexofresistivityT; normalflow.
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A-19481

(a)Materialarmgememtbeforeand after canpactingintosteppedcwrangementof
permeability.@npocted cteneltynotedin photograph.

I Maxofmsidivity,T
1,0 I 1.6 I 2.1 I 2.7 I

40

30

20

io

00 I 2 3 4
Compactwidth,inches

(b) Computedsuction-velocitydmtributlan.

5

Q measured,cu ft/sec

(c) Correlationof computedand measured
fbw ratesfor ecpalvaluesof Ah.

Figure6.-Fibrous-glasscompactwithsteppedpermeability;densityfrom
6 to 12po.undspercubic foot; thickness = 3/16 inch.

.

.

.

.—
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A-19482

(a) Material arrangementbefareand after compactinginto steppedarrangementof
permeability.Compacteddensitynoted in photoycph.

I MOxd rmiallvliyir
1.0I 2.7 I 5.2 I e.6 I

40

30

20

10

00 I 2 3 4

5

Compactwidth,inches Q meoeured,cu ft/eec

(b) Ccm@edeuction-velodtydistribution. (c) Gxrelotionof corr@ed and measured
flaw mtes for equal valuesof Ah.

Figure,7.- Fibrous-glasscompactwithsteppedpermeability;density
6 to 24 poundsper cubicfoot;thickness= 3/16 inch.

from



18 NACATN 3388

b

A-19484 A-19485

(a) Materialarrangementbeforeand after compactinginto taperedarrangementof
permeability.

‘EE3EEEE
3

2

I

5

u
bmpoct width, Inchee Q rneaeured,cu ftkc

(b) CWnputedsuction-velocitydistributicm. (c) Correlationc4 ccm@ed and meowed
flow ratesfm equalvaluesof Ah.

Figure8.____Fibrous-glasscompactyithtaperedpermeability;lineardensity
variationfrom6.to 24poundspercubicfoot;thicknesti= 3/16inch.

.

.

.

“
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Perforated sheets

Fibrous-glass compact

A-19833

(a) Detailofporoussurface.
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Figure 10.- Effect of open area of a mtiltWolasheet on the flow-+esifi~e characteristics of a
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